Summary: Correlational analysis of regional cerebral glu cose metabolism (rCMRglc) obtained by high-resolution positron emission tomography (PET) has demonstrated reduced neocortical rCMRglc interactions in mildly/ moderately demented patients with probable Alzheimer's disease (AD). Thus, identification of individual differ ences in patterns of rCMRglc interactions may be impor tant for the early detection of AD, particularly among individuals at greater risk for developing AD (e.g., those with a family history of AD). Recently, a statistical pro cedure, using mUltiple regression and discriminant anal ysis, was developed to assess individual differences in patterns of rCMRglc interdependencies. We applied this new statistical procedure to resting rCMRglc PET data from mildly/moderately demented patients with probable AD and age/sex-matched controls. The aims of the study Early detection of Alzheimer's disease (AD), par ticularly in individuals at risk for developing AD [e.g., those with a family history of AD (Heston et al., 1981; St. George-Hyslop et al., 1987) , or older individuals with Down syndrome (Burger and Vo gel, 1973; Wisniewski et al., 1985») , may be impor tant for possible treatment strategies. However, early diagnosis of AD has been difficult because of the quality of information available regarding ge-were to identify a discriminant function that would (a) distinguish patients from controls and (b) identify an AD pattern in an individual at risk for AD with isolated mem ory impairment whose initial PET scan showed minor abnormalities, but whose second scan showed parietal hypometabolism, coincident with further cognitive de cline. Two discriminant functions, reflecting interactions involving regions most involved in reduced correlations in probable AD, correctly classified 87% of the patients and controls, and successfully identified the first scan of the at-risk individual as AD (probability >0.70). The re sults suggest that this statistical approach may be useful for the early detection of AD. Key Words: Alzheimer's disease-Positron emission tomography-Discriminant analysis-18FDG-Brain-Metabolism. netic linkage data (Karlinsky et al., 1991) and to fea tures of the early stages of the disease in common with those that accompany normal aging (Khacha turian, 1985) . Individuals in the early stages of AD usually present with mild memory impairment (Haxby et al. , 1985; Martin et al., 1986) , similar to that in normal aging (Koss et al., 1991; Welford, 1985) . The success rate of correctly identifying in dividuals in the early stages of AD using a variety of cognitive measures varies from 50 to 100% (Boller et al., 1989; Cohn et al., 1991; Storandt et al., 1984; Tierney et al., 1987 Tierney et al., , 1988 .
Standard methods of considering "resting" (eyes!ears covered) regional cerebral metabolic rates for glucose (rCMRglc) as measured by positron emission tomography (PET) and e 8 p ] -2-fluoro-2-deoxY-D-glucose e 8 PDG) have detected group mean differences in rCMRg1 C between mildly! moderately demented patients with probable AD and age/sex-matched controls, although consider able overlap occurred (Duara et aI., 1986 ; for a re view see Grady and Rapoport, 1992) . However, no differences in rCMRglc were found between individ uals with a positive family history for AD (with AD symptoms) and those with sporadic AD (Friedland et aI., 1989; Hoffman et aI., 1989) . Moreover, a re cent comparison of mean rCMRglc failed to reveal differences between an initial PET -FDG scan of an individual with a family history of autopsy-proven AD and isolated memory impairment (who later de veloped probable AD) and PET -FDG data in age matched healthy controls (Pietrini et aI., 1991) . Thus, successful early identification of AD in indi vidual subjects may require alternative methods of analyzing resting rCMRglc PET data.
Subtle changes and different patterns of rCMRglc interactions, which may be present early in the course of disease or in subjects at risk for develop ing disease, cannot be assessed simply by compar ing rCMRglc group means (Clark et aI., 1986; Hor witz, 1984 Hor witz, , 1990a Metter et aI., 1984a; Moeller and Strother, 1991) . Correlational analysis, applied to "resting" normalized (to whole brain) rCMRglc PET data, can assess group differences in brain re gional functional interactions (Clark et aI., 1984; Horwitz et aI., 1984; Metter et aI., 1984b) , and has demonstrated a loss of functional interactions in volving regions of the frontal and parietal associa tion neocortices in the early stages of AD (Horwitz et aI., 1987) . A more recent correlational analysis, using higher-resolution PET data (Azari et aI., 1992c) , identified a select number of defined brain regions most involved in the loss of functional in teractions in early AD. The correlational method, however, does not assess individual differences in patterns of resting rCMRglc, prohibiting the early detection of AD in an individual patient.
Recently a statistical procedure, using multiple regression and discriminant analysis, was devel oped using brain regional interdependencies in rCMRglc data for the early detection of disease (Clark et aI., 1991) . This procedure was applied to resting rCMRglc PET data obtained in Huntington's disease (HD) patients and controls. A discriminant function, reflecting rCMRglc interactions involving the basal ganglia, was determined which distin guished the HD patients from controls. The dis criminant function also identified the pattern of rCMRgl C in at-risk subjects (i.e., subjects with a family history of HD) as abnormal. The results pro vided information regarding group as well as indi vidual differences in the pattern of functional inter dependencies of the rCMRglc data, and suggested the utility of this statistical approach in the develop-ment of a tool for the early detection of disease, particularly in at-risk populations.
The multiple regression/discriminant analysis procedure was applied to resting rCMRglc PET data from mildly/moderately demented patients with probable AD and healthy controls, with the main goal of investigating whether the information from prior correlational analyses could be used to deter mine a discriminant function that would distinguish mildly/moderately demented patients with probable AD from controls. We also wanted to test if such a function would identify the pattern of rCMRglc in an initial scan for an individual at risk for developing probable AD as similar to that of the probable AD patients. Portions of this work have been reported in abstract form (Azari et aI., 1992a; Pietrini et aI., 1992) .
METHODS

Subjects
Probable AD patients and controls. Subjects were 19 mildly/moderately demented patients with probable AD (12 men, seven women; ages 52-81 yr) and 22 healthy age and sex-matched controls (14 men, eight women; ages 53-75 yr). All patients were in the probable Alzheimer disease category of the NINCDS-ADRDA criteria (Mc Khann et aI., 1984) . Disease severity was assessed using the Mini-Mental State Examination (MMSE) (Folstein et aI., 1975) ; patients with a score of 10-19 or 20-30 were diagnosed as being moderately (n = 9) or mildly (n = to) demented, respectively (Mean MMSE = 20; SD = 4; Range = 13-27). According to medical history, physical examination, and laboratory tests, AD patients were free of other diseases including cerebrovascular disease [Hachinski ischemic scores (Hachinski et aI., 1975) were 4 or less], diabetes, malignancy, hypertension, renal, car diac, hepatic, thyroid, or gastrointestinal disease. Sub jects were excluded if they had a history of psychiatric illness (such as depression, history of substance abuse, or psychosis) or neurologic disease (such as stroke, signifi cant head trauma, epilepsy, or transient ischemic at tacks). Other exclusion criteria included radiologic evi dence of intracranial pathology, including lacunae, or ab normal EEG (except generalized slowing). Screening of the control subjects was the same as for the AD patients and has been reported elsewhere (Azari et aI., 1992b,c; Duara et aI., 1984; Kumar et aI., 1991) . Controls were free of medical, neurological, and psychiatric disorders.
Subjects at risk. To see if an individual at risk for AD (because of family history) would show abnormalities in the patterns of rCMRglc interdependencies similar to that of the mildly/moderately demented probable AD group, we studied a right-handed 65-year-old man with a family history of autosomal dominant (autopsy proven) AD who had a diagnosis of possible AD according to the NINCDS-ADRDA criteria (McKhann et aI., 1984) . Med ical, neurological, and psychiatric examinations were normal (MMSE = 28), and neuropsychological evalua tion showed deficits only in delayed memory. This indi vidual had been treated for vitamin BJ 2 deficiency: Oral therapy with vitamin BJ 2 (50 fJ-g/day) was started after the first evaluation, with resolution of the vitamin deficiency. A follow-up evaluation, 1 year later, showed his vitamin B 1 2 level to be within the normal range. This subject had two resting PET-FDG scans, 1 year apart. The first scan showed a significant reduction in left orbital frontal rCMRg1C' and ratios of rCMRg1c to global CMRglc were reduced in left orbital frontal and left premotor cortex, none of which was replicated in the second scan. There was a tendency toward reduced parietal lobe metabolism, although reductions did not reach statistical significance. The second scan showed metabolic reductions in the right superior (rCMRglc and ratio to global CMRglc) and left inferior parietal (ratio to global CMRg1c) brain regions, which coincided with worsening memory on one test (Wechsler Memory Scale-Logical Memory), but not on two others (Wechsler Memory Scale-Visual Reproduc tion and Bushke Selective Reminding) (Wechsler, 1945) . In addition, his Fullscale IQ (Wechsler Adult Intelligence Scale, Wechsler, 1955) declined from an initial value of 150 to a value of 136, both of which, however, were in the superior range. According to the standard NINCDS ADRDA criteria (McKhann et aI., 1984) , this subject would be classified as possible AD on both the first and second evaluations. However, given the strong family history of AD and the suggestion of PET and cognitive abnormalities, he was classified as probable AD at the second evaluation. These data have been published in abstract form (Pietrini et aI., 1991) .
Positron emission tomography (PET)
PET scans were obtained using a PC 1024-7B tomo graph (Scanditronix, Uppsala, Sweden) (resolution: transverse = 6 mm; axial = 11 mm). Details of the method may be found elsewhere (Kumar et aI., 1991; Schapiro et aI., 1990) . Subjects were scanned with eyes covered and ears plugged ("resting state"). A 5 mCi bo lus of 1 8FDG was injected and arterial blood collected for later measurement of plasma radioactivity and plasma glucose concentration. Two seven-slice emission scans [10--100 mm above and parallel to the inferior orbito meatal (10M) line; slices separated by 13.8 mm and offset by 6.9 mm] were obtained beginning 45 min after tracer injection. Two seven-slice transmission scans to correct for attenuation were obtained at the same levels as the emission scans. Brooks' modification (1982) of the oper ational equation of Sokoloff (Sokoloff et al., 1977) was used to calculate rCMRglc in mg 100 g -I brain min -I. Values of the rate and lumped constants were those of Huang et al. (1980) . PET slices were analyzed by placing on each brain a template of 64 lateral, 28 medial, and seven subcortical circular regions (48 mm 2 ) per hemisphere (see Kumar et al., 1991 , for region locations). Placement of these regions was made by use of a standard atlas of neuroanatomy with slices parallel to the 10M line (Eycleshymer and Shoemaker, 1911) . These regions then were grouped into larger regions of interest (ROls) within frontal associa tion, parietal association, temporal, occipital, sensorimo tor, paralimbic, and subcortical/cerebellum domains for a total of 65 ROls. Data obtained were absolute rCMRglc and normalized (to whole brain-rCMR Ic/CMRglc) val ues. Whole brain CMRglc was the mean of all pixel values in five slices between 30 and 90 mm above the 10M line (which included ventricles). Only rCMRglc values were used for the discriminant analysis method. For purposes of this study, frontal and parietal association regions were J Cereb Blood Flow Metab, Vol. 13, No.3, 1993 considered as three bilateral (total of six) larger ROIs: prefrontal (PRE F) (average of rCMRglc values in PREF 1, PREF 2, PREF 3, PREF 4); premotor (PREM) (average of rCMRg1C values in PREM 1, PREM 2, PREM 3, PREM 4); parietal (PAR) (average of rCMRglc values in SUP PAR, MED PAR, INF PAR) ( Table 1) .
Statistical analysis
The analysis consisted of six parts: (a) Identification of a set of regions (dependent variables, DVs). Because prior correlational analyses (Azari et ai, 1992c; Horwitz et al., 1987) demonstrated loss of frontal:parietal rCMRglc/CMRglc correlations, a set of the six larger fron tal and parietal association ROls was selected as one set of DVs-FRON-PAR set (R PREF, L PREF, R PREM, L PREM, R PAR, L PAR). In addition, a set of four smaller ROIs (from the total of 65 ROIs), which were most affected by the reduced correlations in the probable AD data obtained with the higher-resolution PET tomo graph (Azari et aI., 1992c) , was selected as a second set of DVs-the reduced positive correlations (CORR) set (L PREM 4, L SENSMOTOR 1, L SUP PAR 2, R INSULA); (b) stepwise mUltiple regression. To identify the pattern of regional interactions involving each DV for the control subjects, separate stepwise multiple regres sions (F to enter, p < 0.05; F to remove, p > 0.10) were performed for each of the DVs using the control data. That is, for each DV in the FRON-PAR set, the rCMRglc of the other five DVs were considered potential predic tors, and a subset of these five was obtained as the best predictors via the stepwise multiple regression. Similarly, for the CORR set, the rCMRglc of the other 64 ROls were considered potential predictors, and a subset of these 64 was obtained as the best predictors for each of the four CORR DVs; (c) application of regression weights to con trol and AD data. To determine how well the subset of best predictors with their weights predicted rCMRg1C in each of the DVs for the AD patients, the regression weights were applied to both the control and patient data. The resultant residual for each subject was standardized (Z residual) to the control data. To avoid the undue influence of possible outliers, the residuals for the con trols were obtained by applying a jackknife procedure to the multiple regression (Lachenbruch and Mickey, 1968) . That is, the regression equations were recalculated for each control subject, without that subject included in the data set, and that control subject's residual (RE SIDUALJ) was determined using the regression weights obtained without that subject in the sample. The standard deviation of RESIDUALJ (SDJ) was used to obtain the Z residuals. For the controls the Z residuals were deter mined from
For the AD patients the Z residuals were determined from Z residual = (actual rCMRglc -predicted rCMRg1c)/SDJ
(2) (d) application of discriminant analyses. Discriminant analyses were applied to the two sets of Z residuals from the AD patients and controls to determine the best weighting of the Z residuals that would maximize the dis tance between patient and control groups; (e) cross vali dation of the discriminant functions. To cross-validate the results utilizing current data, a jackknife procedure 
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The following abbreviations are used for the various regions: AMT, anterior medial temporal; ANT, anterior; ASSOC, association; CALC, calcarine cortex; CAUD, caudate nucleus; CNG, cingulate; INF, inferior; INS, insula; LENT, lenticular nucleus; MED, medial; MID, middle; OCC, occipital; ORB, orbital; PAR, parietal; PMT, posterior medial temporal; POS, posterior; PREF, prefrontal; PREM, premotor; SENSMOTOR, sensorimotor cortex; SUP, superior; THAL, thalamus. (Lachenbruch and Mickey, 1968 ) was applied to the dis criminant analyses to obtain the posterior probability of group membership for each subject. Each subject was classified as either a control or AD patient using a dis criminant function computed from the total sample with out that subject. These jackknifed probabilities of group membership were compared with the initial results to pro vide an indication of the validity of the two discriminant functions; (0 application of the discriminant functions to the subject at risk. The two functions were applied to data from the first and second PET scans of the subject at risk for developing AD.
RESULTS
Group mean comparisons on metabolic values
A brief overview of rCMRglc differences between patients and controls is given to place the current results in context. As reported in previous studies (Azari, et aI., 1992c; Kumar et aI., 1991) , although absolute metabolic values for these mildly/ moderately demented patients with probable AD were reduced in most regions with the exception of occipital and subcortical regions, normalized values were reduced in parietal, premotor, and temporal association regions, and increased in sensorimotor, occipital, and subcortical brain regions. Whole brain values were lower for the AD patients (mean ± SD, mg 100 g-l min-I, AD: 5.17 ± 0.72, control: 6.23 ± 0.95). Metabolic data from all AD patients (Azari et aI., 1992c; Kumar et aI., 1991) and con trols (Azari et aI., 1992c) have been reported else where.
Regression analyses
The results of the regression analysis (applied to the control data) for each of the two sets of DVs are summarized in Table 2 . The large correlations be tween the absolute metabolic rates for the regions were expected, given the high degree of interre gional dependence in absolute PET metabolic data (Horwitz et aI., 1984; Horwitz and Rapoport, 1988) , particularly between homologous right/left region pairs (Horwitz et aI., 1984) . For example, the best predictor of rCMRglc for the right prefrontal ROI (R PREF) was left prefrontal ROI (L PREF) rCMRglc, with a correlation coefficient of 0.97. Table 3 shows the mean standardized residuals obtained for the AD patients and controls. The Z residuals for the AD patients had significantly greater variance for R and L PAR, L PREF, and R PREM Z residuals (p < 0.01) indicating a greater spread about the regression line for the AD pa tients. Groups did not differ significantly on mean Z residuals in the FRON-PAR set (p > 0.05). All but one of the Z residuals (right insula-ROI no. 50) for the CORR set demonstrated significantly different group means. Note that not all patients and controls were used in the analysis because some individuals lacked data on regions needed in one or more steps of the analysis.
Comparison of Z residuals
Determination of discriminant functions
The results of applying discriminant analyses ini tially without and then with a jackknife procedure to the two sets of Z residuals are shown in Table 4 . Estimated posterior probabilities of group member ship (Le., the probability of a patient/control being CORR are regions most involved in smaller positive correlations for AD patients. The dependent variables (D Vs) are listed left most in the table, and the respective predictor variables ( P REDICTORS) are across from each DV (e.g., the predictors for L SENS MOTOR 1 are L PREM 3 and L PREM 4). R denotes the multiple correlation coefficient, F value is the test statistic for the amount of variance accounted for by the listed predictors, P value refers to the F statistic. Abbreviations the same as for Table 1. classified as a patient or as a control) were calcu lated for each subject. Throughout the remainder of the text we refer to these values as probabilities, or average probabilities, of group membership.
FRON-PARfunction. Ninety-five percent of the AD patients and controls were correctly classified. The average probability of correct classification for the patients was 0.97 (0.78 to 1.00) and for controls was 0.93 (0.53 to 1.00). The probability of misclas sification was 0.56 for the AD patient and 0.95 for the one misclassified control.
CaRR function. Eighty-eight percent of the AD patients and 100% of controls were correctly clas sified (94% overall rate of correct classification). Each group had an average probability of greater than 0.98 (AD: 0.99 to 1.00; control: 0.83 to 0.99) of correct classification. The average probability of misclassification for patients was 0.62 (0.52 and 0.73).
Cross validation of discriminant functions
The following results were obtained by applying a jackknife procedure to the two discriminant analy ses.
FRaN-PAR function. In general agreement with the initial results without employing the jackknife, the majority of the AD patients (89%) and controls (86%) were correctly classified. The average prob ability of correct classification for the patients was 0.90 (0.55 to 1.00) and for controls was 0.95 (0.52 to 1.00). The probabilities of misclassification for the two AD patients were 0.89 and 0.74 (average 0.81). The average probability of the misclassified con trols was 0.79 (0.66 to 1.00). One of the misclassi fied patients and the three misclassified controls were the same individuals misclassified or with low probabilities of correct classification in the nonjack knifed analysis.
CaRR function. Eighty-eight percent of the AD patients and 81% of controls were correctly classi-fied (85% overall rate of correct classification). Each group had an average probability of greater than 0.98 (AD: 1.00 for all patients; control: 0.83 to 1.00) of correct classification. The average proba bility of misclassification for patients was 0.72 (0.66 and 0.77). The average probability of misclassifica tion for the three misclassified controls was 0.85 (0.75 to 0.99). The same two patients were misclas sified in the nonjackknifed results.
Application of discriminant functions to subject at risk
When the FRON-PAR discriminant function was applied to the first scan of the subject at risk for probable AD, the probability of that subject being classified as AD was 0.74 and 0.26 as control. Ap plication of the function to data from the second scan resulted in 0.84 probability of that subject be ing classified as AD and 0.16 as control. For the CORR discriminant function, both the first and sec ond scans showed that subject to be classified as AD with a probability of 1.00 (Fig. lA, B) .
Success of group separation/comparison of analytic methods
To compare the new statistical procedure with the standard method of considering rCMRgJc PET data (i.e., simple group mean comparisons of rCMRgJc), we compared the present results with those obtained by comparing patient and control R PAR rCMRgJc (a region showing hypometabolism in mildly/moderately demented patients with probable AD) normalized to sensorimotor cortex (one of the regions relatively spared in AD) (rCMRg1c/SM). This normalization procedure has been demon strated to be more sensitive in detecting differences between mildly/moderately demented patients with probable AD and controls (Haxby et aI., 1985) . The average of all small ROI right and left sensorimotor rCMRgJc values (ROIs nos. 17-24; see Table 1 ) was SUBJECT IDENTIFICATION no. Figure lA and B shows the probability of being classified as AD for AD patients, controls, and the subject at risk. Illustrated is the clear separation of the AD and control groups using the two discrimi nant functions (FRON-PAR, CORR), and the suc cessful classification of the first scan of the subject at risk for probable AD. In contrast, Fig. lC illus trates the marginally larger overlap between the AD and control groups using a sensitive, single normal ized index. Note that the first scan of the subject at risk falls within the normal range in Fig. lC .
DISCUSSION
The results of this study demonstrated that two discriminant functions reflecting brain regional in teractions involving (a) frontal and parietal associ ation areas and (b) smaller brain regions (involved in smaller positive correlations in the AD group) distinguished the mildly/moderately demented pa tients with probable AD from the controls with little overlap. Furthermore, the two functions detected an AD-like pattern of rCMRg\c interactions in the earlier of two PET scans of an individual with an autopsy-proven family history of autosomal domi nant AD (i.e., at risk for AD), even though conven tional analysis failed to detect an unambiguous pat tern of abnormality. These findings, which comple ment prior correlational analyses (Azari et al., 1992c; Horwitz et al., 1987) , support a recent study on the successful application of this statistical pro cedure to resting rCMRg\c PET data for the early (e) shows the standardized rCMR g ic values for R PAR (large right parietal region; see also text) normalized to sensorimo tor cortex (rCMR g IJSM) (see text for the small regions in cluded in SM) (mean ± SD: R PAR/SM: AD = 3.14 ± 1.91, Control = 0.84 ± 0.49, P < 0.0001) in AD patients (n = 19), controls (n = 21), and the subject at risk. Standardized rCMR g lJSM was calculated as in Eq. (3) of the text. Open circles denote probable AD patients, filled circles denote controls, the crosses denote the first and second scans for the subject at risk for probable AD. Note greater overlap be tween groups in (e) as compared with (A) and (B). detection of disease (Clark et aI., 1991) , and suggest the utility of this method in the early detection of AD.
Successful separation of the mildly/moderately demented AD patients from controls using a dis criminant function reflecting rCMRg l c interactions between frontal and parietal association areas (FRON-PAR discriminant function) extends two prior correlational analyses demonstrating a loss of frontal:parietal regional interactions in the early stages of AD (Azari et aI., 1992c; Horwitz et aI., 1987) . These results are consistent with reports of a loss of corticocortical fibers in AD brains (Pearson et aI., 1985; Rogers and Morrison, 1985) , support the suggestion of changes in neocortical functional interactions in AD (Horwitz et aI., 1987) , and strengthen our conclusions of selective vulnerabil ity of the association cortices to the Alzheimer pro cess (Haxby, 1990; Rapoport, 1991b) . The success ful separation of probable AD patients from con trols, with a discriminant function reflecting regional interdependencies involving a select num ber of small brain regions, also supports a more recent correlation study using higher-resolution rCMRglc PET data (Azari et aI., 1992c) .
Application of the two discriminant functions to the first scan of the subject at risk for probable AD resulted in a low probability of the scan being clas sified as a control, which suggests that abnormal functional associations-characteristic of early AD-may provide a useful criterion (in combination with other diagnostic tools) for the early detection of AD in at-risk subjects. The higher probability of this subject's first scan being classified as AD using small regions may indicate that using rCMRglc data from smaller brain regions results in greater dis criminating power, or that the functional interac tions involving the set of smaller brain regions sim ply were those most affected in this at-risk subject. Earlier we reported the unsuccessful detection of unambiguous abnormalities in the rCMRglc values of the first scan for this subject (Pietrini et aI., 1991) . The current findings suggest that a disruption in neocortical interactions may predate isolated re gional metabolic changes, emphasizing the potential utility of this analytic method in the early detection of AD.
The correlational approach differs from the new statistical procedure used in the present study in two aspects. First, the former considers only pair wise rCMRglc correlations, whereas the latter de rives additional power by providing information about regional interactions among more than two regions at one time. Second, the correlational ap proach does not assess individual differences in pat-terns of rCMRglc, whereas the new technique does. This investigation demonstrates that the correla tional approach and the discriminant analysis pro cedure for analyzing resting rCMRgic data are com plementary.
The current study, similarly to that of Clark et ai. (1991) , used the absolute metabolic values in the analysis. However, a number of imaging techniques utilize normalized data (e.g., single-photon emis sion computed tomography and regional cerebral blood flow as measured by PET). To see if this statistical approach would provide similar results using normalized data, we compared the current re sults with those obtained using normalized values (to whole-brain CMRglc) in the AD patients and con trols. The jackknifed results for the FRON-PAR normalized set of DVs showed correct classification for 89% of the 19 AD patients and 76% of the 21 controls, and a low probability of control classifica tion for both scans of the at-risk subject (scan no. 1, 0.68; scan no. 2, 0.55). The CORR normalized set correctly classified all AD patients and all but one control; the at-risk subject was classified with a 1.00 probability as AD on both scans. These results in dicate the applicability of this statistical procedure to normalized data.
The successful application of this statistical method in discriminating early AD, as well as Hun tington's disease patients (Clark et aI., 1991) , from controls is encouraging. Although both discriminant functions in this investigation were reasonably sen sitive (FRON-PAR, 0.89; CORR, 0.88) and specific (FRON-PAR, 0.86; CORR, 0.81), and the results of the cross validations were in good agreement with the nonjackknifed results, this method, as with other probabilistic methods, must be further vali dated. Repeat scans and external validation in other at-risk groups (e.g., Down syndrome subjects who develop AD pathology after age 40; asymptomatic individuals with a family history of AD) will provide additional confidence in these two functions for the early detection of AD when applied in conjunction with other diagnostic tests. The present results from a single at-risk individual are only suggestive. Clearly, a larger sample of at-risk subjects would provide stronger evidence for the utility of this method in the early detection of AD. Furthermore, a more quantitative definition of levels of confi dence regarding group classification, to reduce false-negative errors, has been suggested (McCrory and Ford, 1991) . Finally, like the correlational ap proach, additional anatomical and physiological methods will strengthen the conclusions of these covariance analytic methods (Rapoport, 1991a) .
In conclusion, the results agree with prior corre-lational analyses demonstrating a disruption of neo cortical regional interactions in mildly/moderately demented patients with probable AD and suggest the utility of this new statistical approach applied to rCMRg1c PET data for the early detection of AD.
